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•Emittance measurements in RHIC.

• Rate dependence of Polarization measurements in RHIC.



Rate dependence of Polarization 

measurements in RHIC.

• The rate dependence may produce large systematic 
errors in polarization measurements at high bunch

intensities. 

• This errors  depend on:     -bunch intensity;

-number of bunches;

- bunch spacing;

- target thickness.
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Emittance measurements in RHIC.

• Beam intensity profile measurements with the RHIC  p-C  
CNI polarimeters.

• Cross-calibration with the other techniques.

• Bunch-by-bunch emittance measurements.

• Emittance measurements at injection energy.

• Emittance growth on the energy ramp.

APEX Workshop, December 5, 2008
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Polarimeter upgrade for 2009 Run.



December 4, 2009



V-10.8pi, H-12.6pi



Yellow-1 at injection
Beam width (Sigma)-1.07mm

Horiz emittance-14.6pi



Yellow-1,
Sigma-0.48 mm
Horiz- 16.6pi



Yellow, Vertical-15pi, Horiz-13 pi



Blue, Horiz-13.7pi





Horiz. Yellow-2 emittance measurements 

vs bunch intensity 

0

2

4

6

8

10

12

14

0 0,5 1 1,5 2

Bunch intensity, X 10^11

B
e
a
m

 e
m

it
ta

n
c
e
, 

H
o

ri
z
 X

 p
i

X 2.25





May2_09, Fill #10688, 100 GeV

10 pi



Small emittances in RHIC

Linac injector upgrade reduced emittances from 15 pi to about 5-8 pi. 
High polarized source intensity allowed to reduce linac pulse duration, 
which reduces the multiple scattering in the stripping foil.

Even with short linac pulse, the beam intensity is sufficient to use vertical  
scraping in Booster (about 50%) to reduce  vertical (and in less extent 
horizontal) beam emittances.

 Less emittance blowout was obseved with the new BtA and AGS setup.

Small emittances in AGS helps to reduce depolarization.

It was demonstrated that for a number of RHIC fills there is no emittance   
growth during the acceleration (at least at moderate bunch intensity).

The only CNI emittance measurements were available for the Yellow 
beam, since horizontal IPM was not operational. 

The horizontal Blue IPM measurements required  large were done after 
CNI calibrations.



Haixin Huang 16

Similar Slopes but Lower Polarization Level As 
Leakage Currents Went Up



APEX , March 18



Polarization vs bunch intensity measurements in RHIC
Bunch

Intensity 

x 10^11

AGS Blue-1 Blue-2 Yellow-1 Yellow-2
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Measurements at injection with the 12 bunches (fixed target).



Blue-2, H#1, (2-effective target thickness)



Blue-1, V#2 (8- effective thickness))



Blue-1, V#4 (3)



Y-1, V#5 (12)



Rate “problems”

s=200 GeV

In “banana” cut:

Run9-250 GeV: up to 150 
kHz/strip

Run9-100 GeV: up to 100 
kHz/strip

Run8-100 GeV: up to 50 
kHz/strip 

Run6-100 GeV: up to 30 
kHz/strip 

Effectively rates are twice 
higher (in the ToF-Energy 
window at the entrance of 
WFD)



Rate effects: asymmetry vs bunch

High rate case

Low rate case

Detector asymmetry is 
a function of bunch #: 

Detector (system) 
performance may vary vs 
bunch (after abort gap) 
and vs detector



Rate effects: Mass vs bunch #

4%

High rate case

Low rate case

Det 4

Det 3

Det 6

Det 1

Bunch dependence of 
mass  Bunch 
dependence of system 
performance (energy, 
tof etc.) 



Rate effects: Mass vs Rate

Rate

Mass

Different correlation patterns 
 not only rate problems (but 
also T0 drift etc.)



Intensity profiles

Bad profile: 
Non-gaussian
High rate

Rate problem?

Good profile: 
Perfect gaussian
Low rate

Bad profile: 
Non-gaussian
Low rate

Target positionig problem?



Pol. Profile: 250 GeV
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4 runs (8 scans) combined:
Peak of intensity profile is normalized to 1
X coordinate is rescaled to correspond to I of 1st scan

Fill 10525, Blue2

R=0.280.07

Intensity and pol. profiles



Pol. Profile: 250 GeV
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Fill 10486, Yellow2Fill 10373, Yellow1

R=0.720.12R=0.170.06

Pol. profile varies from fill to fill



pC Monitoring with pulser

Generator pulses

Carbon

Ekin

ToF

Blue1



pC Monitoring with pulser
Low rate example: 10429.013

20 kHz/strip
High rate example: 10346.007

100 kHz/strip

Pulse ToF vs time

Event rate vs time

Pulse rate vs time

Pulse amplitude vs time



pC Monitoring with pulser
Run 10450.116
110 kHz/strip

High RateNo Rate

Pulser Amplitude distribution



Pol1 vs Pol2

10% variation in 
the Pol1/Pol2 ratio vs 
fill
(20% variation at 
s=500 GeV)

No obvious correlation 
with “obvious” 
observables, such as 
rate, C-mass

s=200 GeV



APEX Rate Studies

Injected Generator pulse
No target

With a thin Carbon target
Carbon rate 42 kHz/ strip

With a thick target
Carbon rate 157 kHz/strip

No appreciable change observed



Pulse generator measurement with WFD



Summary
•Polarimeter survived all the upgrades.

•Reliable operation  in switching mode (between vertical and horizontal planes) 
was demonstrated .

•Beam intensity profile measurements made essential contribution to emittance 
calibration and knowledge of absolute values.

•Upgrade facilited new detectors and electronics

•New detectors tested (B.Morozov, G. Atoian)

•Crucial cross check from the comparison of Pol1 vs Pol2

•Systematic effects observed

•Rate effects (saturation, energy shift, ToF shift). 

•Detectors “aging” effects

•Plans

•Improve target production technique (laser ablation?).

•More robust detectors, smaller acceptance (B.Morozov, G.Atoian)

•Faster preamps

•Replace WFD with simple ADC/TDC scheme? Test the scheme in AGS in Run10.



Midterm notices on p-Carbon polarimeter operation.. 

• Polarimeter survived all the upgrades. Reliable operation  in switching mode 
(between vertical and horizontal planes) was demonstrated after a few software 
glitches were fixed.

• Beam intensity profile measurements made essential contribution to emittance
calibration and knowledge of absolute values.

• Rate problem for polarization measurements.

• Maximum rate up to 8 million event/s , about 100 kHz/strip, 

• ~1 event/bunch crossing/72 strips. 

• Detectors and DAQ were not designed to handle this rate.

• About 3-4 rate variation was observed for the regular target thickness.

• It looks like thinner target lifetime is the same (or better?) than thicker targets.

• Another possibility to reduce event rate /detector  is solid angle reduction.

4 mm2 vs 20 mm2 with the Hamamatsu strip detectors.

To accumulate required statistics ~ 20 millions events target should sit longer time

in the beam.  The effect to the beam emittances and luminosity is negligible  at store. 

The only problem would be target lifetime.

Increase number of DAQ channels?


